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DESCRIPTION 

REFLECTOR ANTENNA DEVICE 

TECHNICAL FIELD 
The present invention relates to an antenna device, and more 
particularly to a reflector antenna device having two reflector 
surfaces. 

BACKGROUND ART 

Conventional reflector antenna devices having two reflectors 
include those disclosed in, for example, "A Simple Procedure for 
the Design of Classical Displaced-Axis Dual-Reflector Antennas Using 
a Set of Geometric Parameters", IEEE Antennas and Propagation 
Magazine, Vol. 41, No. 6, pp. 64-72, in December, 1999, written 
by Tom Milligan. An example of the reflector antenna devices 
disclosed therein is shown in Fig. 12. As shown in Fig. 12, an 
electromagnetic wave radiated from a primary radiator 3 is reflected 
by an auxiliary reflector 1, reflected by a main reflector 2, and 
then radiated to a space. Also, because the configurations of the 
auxiliary reflector 1 and the main reflector 2 are determined so 
that the electromagnetic wave that has been radiated from a phase 
center 4 of the primary radiator 3 geometrical-optically passes 
through paths of 4-P-Q-R and 4-U-V-W, no electromagnetic wave 



geometrical-optically arrives in an area A where the auxiliary 
reflector 1 is projected on the main reflector 2 in parallel with 
a radiation direction of the electromagnetic wave by means of the 
main reflector 2. 

Also, as another conventional reflector antenna, there has 
been proposed a reflector which is designed taking into consideration 
a wave influence on the basis of not geometrical-optical design 
but .physical optics method as. disclosed in., -for -example , Shi-nichi 
Nomoto and one other person, "Shaped Reflector Design for Small-Size 
Offset Dual Reflector Antennas", Electronic information 
communication society article, November 1988, B Vol. J71-B, No. 

11, pp. 1338-1344. In the reflector antenna, a radiation pattern 
is obtained on the basis of the physical optics method taking the 
wave influence into consideration, and the performances of both 
of a gain and a side lobe are optimized by using a non-linear 
optimization technique . 

In the conventional reflector antenna device shown in Fig. 

12, although no electromagnetic wave arrives in the area A 
geometrical-optically, the electromagnetic wave actually arrives 
due to the wave property of the electromagnetic wave . This phenomenon 
becomes remarkable as the size of the auxiliary reflector 1 becomes 
smaller in the wavelength ratio. The electromagnetic wave radiated 
from the primary radiator 3 is reflected by the auxiliary reflector 
1, and undesirably contributes to a scattering wave due to the primary 



radiator 3, or a multiple reflected wave between the main reflector 
2 and the auxiliary reflector 1, due to the influence of the 
electromagnetic wave that arrives in the area A. As a result, there 
arises such a problem that the characteristic deterioration of the 
antenna is induced. 

Also, in the above-described document "Shaped Reflector Design 
for Small-Size Offset Dual Reflector Antennas", although the antenna 
is designed according to the shaped reflector design based on the 
physical optics method, only the performance of the antenna is 
designed as an evaluation function. As a result, there arises such 
a problem that no attention has been paid to a risk of the deterioration 
of the performance due to an influence of the electromagnetic wave 
in the area in which the electromagnetic wave should not arrive 
geometrical-optical ly . 

DISCLOSURE OF THE INVENTION 

The present invention has been made to solve the above problem, 
and therefore an object of the present invention is to provide a 
reflector antenna device that suppresses an influence of unnecessary 
electromagnetic waves and improves performance of an antenna. 

In order to achieve the above-mentioned object, the present 
invention provides a reflector antenna device, including: an 
auxiliary reflector that receives an electric wave radiated from 
an opening portion by a primary radiator and reflects the electric 
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wave; and a main reflector that receives the electric wave that 
is reflected. by the auxiliary reflector and radiates the electric 
wave to a space, wherein the configurations of the auxiliary reflector 
and the main reflector are designed such that an electric power 
in an area of the main reflector where the auxiliary reflector is 
projected on the main reflector in parallel with the radiating 
direction of the electric wave due to the main reflector is equal 
to or lower than a predetermined first threshold value, and a radiation 
pattern of the antenna which is determined by the area of the main 
reflector other than the area has a desired characteristic. 

With the above structure, according to the present invention, 
the configurations of the auxiliary reflector and the main reflector 
are designed such that an electric power in an area of the main 
reflector where the auxiliary reflector is projected on the main 
reflector in parallel with the radiating direction of the electric 
wave from the main reflector is equal to or lower than a first 
predetermined threshold value, and a radiation pattern of the antenna 
which is determined by an area of the main reflector other than 
the area has a desired characteristic. As a result, an influence 
of unnecessary electromagnetic waves is suppressed, making it 
possible to improve the performance of the antenna. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig . 1 (a) is an explanatory diagram showing the structure of 



a reflector antenna device in accordance with a first embodiment 
of the present invention, and Fig. 1(b) is an explanatory diagram 
showing an initial configuration and a coordinate system. 

Fig. 2 is a flowchart showing a flow of processing of determining 
the configurations of an auxiliary reflector and a main reflector 
in the reflector antenna device in accordance with the first 
embodiment of the present invention. 

Fig. 3 is-an explanatory diagram showing the structure of the 
reflector antenna device in accordance with a second embodiment 
of the present invention. 

Fig . 4 is a flowchart showing a flow of processing of determining 
the configurations of the auxiliary reflector and the main reflector 
in the reflector antenna device in accordance with the second 
embodiment of the present invention. 

Fig. 5(a) is a projection view showing the structure of a 

reflector antenna device in accordance with a third embodiment of 

the present invention, Fiq._ Mb) is a cross-sectional view taken 

along a section Gl thereof, and Fig. 5(c) is a cross-sectional view 

taken along a section G2 thereof. 

Fig. 6(a) is an explanatory diagram showing an initial 
1 — — — — — * 

configuration and a coordinate system of an XZ plane of the reflector 
antenna device in accordance with the third embodiment of the present 
invention, and Fig. 6(b) is an explanatory diagram showing an initial 
configuration and a coordinate system of a YZ plane thereof. 
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Fig. 7(a) is a cross sectional view taken along a section Gl 
of the structure of a reflector antenna device in accordance with 
a fourth embodiment of the present invention, and Fig. 7(b) is a 
cross sectional view taken along a section G2 thereof. 

Fig. 8 is an explanatory diagram showing the structure of a 
reflector antenna device in accordance with a fifth embodiment of 
the present invention. 

F ig .^ 9^i s an explanatory diagram showing the structure of a 
reflector antenna device in accordance with a sixth embodiment of 
the present invention. 

Fig. 10 is an explanatory diagram showing the structure of 
a reflector antenna device in accordance with a seventh embodiment 
of the present invention. 

Fig. 11 is an explanatory diagram showing the structure of 
a reflector antenna device in accordance with an eighth embodiment 
of the present invention. 

Fig. 12 is an explanatory diagram showing the structure of 
a conventional reflector antenna device. 

BEST MODES FOR CARRYING OUT THE INVENTION 
First Embodiment 

Fig. 1 shows the structure of a reflector antenna device in 
accordance with a first embodiment of the present invention. As 
shown in Fig. 1(a), the reflector antenna according to the first 



embodiment is made up of an auxiliary reflector 1 that receives 
an electric wave (or electromagnetic wave) radiated from a primary 
radiator 3 and reflects the electric wave, and a main reflector 

2 that receives an electric wave reflected from the auxiliary 
reflector 1 and radiates the electric wave to a space. Also, a stay 
5 for spatially supporting the auxiliary reflector 1 is disposed 
on the main reflector 2. 

The electromagnetic wave radiated from the primary radiator 

3 is reflected by the auxiliary reflector 1, further reflected by 
the main reflector 2, and then radiated to the space . In the reflector 
antenna device, in order to reduce a risk of the deterioration of 
the performance of an antenna, it is necessary to suppress the 
intensity of an electromagnetic wave that arrives in an area A of 
the main reflector 2 where the auxiliary reflector 1 is projected 
on the main reflector 2 in parallel with the radiating direction 
of the electromagnetic wave due to the main reflector 2. Also, it 
is necessary to design the reflector antenna device so that the 
gain and radiation pattern of the antenna characteristics which 
are defined by the electromagnetic wave that arrives in an area 
B of the main reflector 2 other than the area A have a desired 
characteristic . 

Also, it is necessary that the intensity of the electromagnetic 
wave that arrives in the area A and the antenna characteristic are 
calculated by not a geometric optics technique, but a technique 



such as a physical optics method by which an influence of waves 
can be taken into account. 

In order to achieve the above structure, in this embodiment, 
the configurations of the auxiliary reflector and the main reflector 
are optimized so as to suppress the intensity of the electromagnetic 
wave that arrives in the area A to a predetermined level or lower 
and provide the gain and radiation pattern of the antenna 
characteristics defined by the electromagnetic wave that arrives 
in the area B in a main reflector 2 other than the area A with a 
desired characteristic by a technique by which the influence of 
the wave can be taken into account such as the physical optics method. 
Thus, the antenna is designed. It is assumed that the predetermined 
value related to the intensity of the electromagnetic wave, and 
the desired characteristic related to the gain and radiation pattern 
of the antenna characteristic are appropriately determined before 
the calculation in an optimization technique. 

Fig. 2 shows a designing procedure in accordance with this 
embodiment. In designing the antenna so as to obtain the desired 
characteristic in the designing procedure, calculation is repeated 
by a nonlinear optimization technique for optimization. The 
optimization based on a genetic algorithm (Yahya Rahmat-Samii , 
Electromagnetic Optimization by Genetic Algorithm, John Wiley & 
Sons, Inc) is also effective as the optimization technique. 

In the designing procedure according to this embodiment, as 
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shown in Fig. 2, the configuration of an auxiliary reflector 1 is 
first determined (Step SI) . As a determining method, for example, 
a given function is given, a numeric number is appropriately inserted 
into the parameter of the function to determine the configuration 
of the auxiliary reflector 1. The selection of the function makes 
it possible to select various configurations such as a simple convex 
mirror shown in Fig. 12 or concave/convex portions on the surface 
-configuration shown in Fig. 1. Then, the configuration of the main 
reflector 2 is determined in the same method (Step S2) . Then, the 
electromagnetic wave in the area A is calculated to evaluate the 
power in the area A (Step S3) . The electromagnetic wave should not 
arrive in the area A geometrically, but the electromagnetic wave 
is caused to arrive in the area A due to the wave property of the 
electromagnetic wave in fact, and the deterioration of the 
performance of the antenna is induced by the electromagnetic wave. 
Therefore, if the configurations of the auxiliary reflector 1 and 
the main reflector 2 can be selected so as to suppress the 
electromagnetic wave as much as possible, the deterioration of the 
performance of the antenna can be suppressed. 

Then, the gain and radiation pattern of the antenna 
characteristic which are determined by the electromagnetic wave 
that arrives in the area B of the main reflector 2 other than the 
area A (Step S4) . If the configurations of the auxiliary reflector 
1 and the main reflector 2 can be selected so as to obtain the desired 
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gain and radiation pattern of the antenna characteristic, the 
performance of the antenna can be improved. 

Then, it is judged whether a power in the area A which is obtained 
in Step S3 is equal to or lower than a predetermined value, and 
the gain and radiation pattern of the antenna characteristic which 
are obtained in Step S4 meet a desired predetermined characteristic, 
or not (Step S5) . In the case where it is judged that those two 
conditions are not met in Step S5, the process is -returned to the 
beginning of the processing shown in Fig. 2, and the configurations 
of the auxiliary reflector 1 and the main reflector 2 are changed 
through Steps SI and S2, and the same processing is conducted. In 
this way, calculation is repeatedly conducted in the nonlinear 
optimization technique for optimization until the two conditions 
can be met. 

Hereinafter, an example of the configuration of the reflector 
surface that is determined in Step SI and Step S2 above will be 
described. First, as shown in Fig. 1(b), a coordinate system is 
taken, and an initial configuration of the reflector antenna is 
determined. The coordinates of the auxiliary reflector 1 and the 
main reflector 2 are defined in a polar coordinate system, and it 
is assumed that a potential angle between the origin and an end 
portion of the auxiliary reflector 1 is 6 0 . The auxiliary reflector 
coordinates P° S (Q, O) are represented by the following expression 
from the distance r 0 (9, O) from the origin and direction vector 
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e r (or e r hat) on the auxiliary reflector 1 from the origin, 

P?(M) = r Q (6,<f>)e r {Q<9<e Ql 0<4><2ir} (1) 
e r = (sin 6 cos <j>, sin 6 sin (f>, cos 6) (2) 

52 »— (3) 



0P.°(M) v 0P.°(M) 



90 

where. « 5 (or n s hat) is a normal vector on the auxiliary reflector 
1. The coordinates P 0 m (9, of the main reflector 2 are represented 
by the following expression on the basis of a reflecting direction 
e x (or e s hat) in the auxiliary reflector 1, and a distance S 0 (9, 
O) of from a point on the auxiliary reflector 1 to a point on the 
main reflector 2. 

p° m (M) = P?(^0) + 5 O (^*)S. ( 4 ) 
e s = e r - 2(ri s - e r )n s ( 5 ) 

The configurations of the reflectors are determined by giving 
the distances r o (0, <D) and S 0 (9, O) . However, r 0 (9, O) and S 0 (9, 
3>) may be defined as initial values in such a manner that the auxiliary 
reflector has a hyperboloid or an elliptical curved surface, or 
the main reflector has a paraboloidal surface, as in a Cassegrain 
antenna or a Gregorian antenna. 

Then, in order to express the configurations of various 
reflectors, new auxiliary reflector coordinates Ps(9, O) and main 
reflector Pm(9, 4>) which are obtained by adding the following 



displacements to the initial configurations are regulated by the 
following expressions . 



P.(M) = P!(M) + r(M)Sr (6) 

M-l N-l 

r{0,<f>) = E E fmnJm{X m O/e 0 )cosn<l> (7) 

m=0 71=0 

Pm(M) = Pi(M) + *(M)8. (8) 

M-l N-l 

s{9,<l>) = E E 9mnJm(Ke/e 0 ) cos ncf> (9) 

m=0 n=0 



where A m is an initial root of a m-order first Bessel function, meets 
P S (0 O , <£) = P m (9o. ^) = 0, and means that it holds the positions of 
the auxiliary reflector 1 and the main reflector 2. The reflector 
antennas of various configurations can be represented by changing 
the coefficients fmn and gmn of the respective functions which define 
the auxiliary reflector configuration and the main reflector 
configuration . 

When the configuration of the reflector antenna is defined, 
an electric power of the area A in Step S3 and the gain and radiation 
pattern in Step S4 can be obtained by using the physical optics 
method. In the case where optimization is conducted using the genetic 
algorithm, and in the case where when a certain parameter is determined, 
an evaluation function with respect to the determined parameter 
is defined, a parameter that makes the evaluation function maximum 
can be obtained. Therefore, in Step S5, the evaluation function 
is regulated to be within a difference when the gain and the radiation 
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pattern take desired values, and the electric power of the area 
A is equal to or lower than a desired value . As the evaluation function, 
E a ii is defined as represented by the following expression. 

E a ll = Egain + E pat + Efclocking (10) 

Egain = an evaluation function defined by a gain (11) 
Epat = an evaluation function defined by a pattern (12) 
Ebiocking = an evaluation function defined by an electric power of 

the auxiliary shielding area (area A) (13) 

where the following functions are defined. 

u (x) =A, (x-x b ) +B X (x^x b ) (14) 
= B X (x > x b ) 

(Ai is a positive value) 



v 



(x) = B l 



(x^x b ) (15) 



= A X (x-x b ) +B, (x>x b ) 

(Ai is a positive value) 
u(x) is a function that monotonically increases by A x in an 
area of x b or less, and takes a constant value Bi in an area of x b 
or more, and v(x) is a function that takes a constant value Bi in 
an area of x b or less, and monotonically decreases by Ai in an area 
of x b - or more. Therefore, the function u(x) is used to realize an 
argument of a constant value or more, and the function V(x) is used 
to realize an argument of the constant value or less. For example, 



the function u(x) is used to set the gain to a desired value or 
more, and the function v(x) is used in order to set the radiation 
pattern to a specified pattern or less, and set the electric power 
of the area A to a desired value or less. 

Assuming that a gain value of the shaped reflector surface 
which is determined by a certain parameter is g, and a target value 
of the gain is gtarget, the evaluation function E ga i n can be defined 
as follows. 

E g , in = u(g) (16) 

(where Ai and Bi are appropriate values, and x b = g t arget) • 

Also, assuming that the evaluation score of the radiation 
pattern is N pat , the side lobe levels at the respective evaluation 
points are Si(i = 1, N pat ) , and the target value is s ta rget, the 
evaluation function E pat can be defined as follows: 

Npat 

Epat = £>(*i) (17) 
i=l 

(where Ai and Bi are appropriate values, and x b = s tar get) • 

In the case where side lobe mask of the antenna is defined, 

the target value may be set to a mask pattern per se or a mask pattern 

with a slight margin. 

Also, assuming that the evaluation score of the electric power 

of the auxiliary reflector shielding area is N b i ocking , the electric 

powers at the respective evaluation points are pi ( i = 1 , • ■ • , N b i ocking ) , 



and the target value is Pbiocking, the evaluation function E blocking can 
be defined as follows: 

^blocking 

E b iocking = £ y(Pi) ™ 

1=1 

(where Ai and Bi are appropriate values, and x b = Pbiocking) . 

In the above, it is necessary to appropriately determine the 
values of Al and Bl based on the importance of the respective 
evaluation functions at the respective evaluation functions. The 
reflector surface parameter that sets the gain to a desired value 
or more, the radiation pattern to a specified pattern or less, and 
the electric power of the area A to a desired value or less, that 
is, the reflector surface configuration can be determined by 
optimizing the evaluation function by means of the genetic algorithm. 

As described above, according to this embodiment, the 
calculation is repeated until the electric power of the area Abecomes 
a predetermined value or less, and the gain and radiation pattern 
of the antenna characteristic can meet desired predetermined 
characteristics, to thereby determine the configurations of the 
auxiliary reflector 1 and the main reflector 2. Accordingly, the 
reflector antenna that has the characteristic of a high performance 
and minimizes the deterioration of the antenna performance can be 
obtained. 

When the reflector antenna is downsized, the size of the 
auxiliary reflector becomes small in the wavelength ratio. 
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Therefore, although the electric wave is usually liable to arrive 
in the area A, when the antenna is desired in the setting procedure 
shown in Fig. 2 according to this embodiment, the deterioration 
of the performance can be suppressed. As described above, this 
embodiment is particularly effective to a small-size reflector 
antenna that is liable to induce the deterioration of the performance . 

Second Embodiment - 

• Fig. 3 shows the structure of a reflector antenna in accordance 
with the first embodiment, and Fig. 4 shows a designing procedure 
thereof. In. the above-mentioned first embodiment, only a reduction 
in the electric power in the area A is considered. On the other 
hand, a feature of this embodiment resides in, instead of the reduction 
in the electric power of the area A, the antenna design that is 
conducted taking into consideration a reduction in the electric 
power on an opening surface (or an opening portion, an area C of 
Fig. 3) of the primary radiator 3, or a reduction in the electric 
power of both areas of the area A and the area C. In the following 
description, the antenna design made by taking into consideration 
the reduction in the electric power of both the areas A and C will 
be described. 

As shown in Fig. 3, the structure of the reflector antenna 
according to this embodiment is fundamentally identical with those 
shown in Fig. 1 as described above, and therefore a description 



thereof will be omitted. 

Then, the designing procedure according to this embodiment 
will be described with reference to Fig. 4. In the designing 
procedure according to this embodiment, as shown in Fig. 4, the 
configuration of the auxiliary reflector 1 is first determined (Step 
Sll ) . The determining method is identical with that described above . 
Then, the configuration of the main reflector 2 is determined 
according to the same method (Step S12) . Then, the electromagnetic 
wave of the area A and the area C is measured to evaluate the electric 
power of the area A and the area C (Step S13) . In the area C, because 
a scattering wave is generated by the primary radiator 3, an 
undesirable contribution occurs and induces the deterioration of 
the antenna characteristics. Therefore, if the configurations of 
the auxiliary reflector 1 and the main reflector 2 can be selected 
so as to suppress the generation of the scattering wave as much 
as possible, the deterioration of the antenna performance can be 
suppressed. Regarding the area A, the above description of the first 
embodiment is applied. Then, the gain and radiation pattern of the 
antenna characteristics which are determined by the electromagnetic 
wave that arrives in the area B of the main reflector 2 other than 
the area A are calculated (Step S14) . This calculation is identical 
with that described in the above first embodiment . Then, it is judged 
whether the electric powers of the areas A and C which are obtained 
in Step S13 take a predetermined value or less, and the gain and 



radiation pattern of the antenna characteristics which are obtained 
in Step S14 obtain predetermined desired characteristics, or not 
(Step S15) . In the case where it is judged that those two conditions 
are not met in Step S15, the process is returned to the beginning 
of the processing shown in Fig. 4, and the configurations of the 
auxiliary reflector 1 and the main reflector 2 are changed by Steps 
Sll and S12, and the same processing is conducted. In this manner, 

the calculation- is repeatedly conducted in the nonlinear 

optimization technique for optimization until the two conditions 
can be met. 

As described above, similarly in this embodiment, since the 
design of the antenna is optimized by the nonlinear optimization 
technique, it is possible to obtain the reflector antenna that has 
the characteristic of a high performance and minimizes the 
deterioration of the antenna performance. In this embodiment, the 
deterioration of the performance which is attributable to the 
scattering wave due to the primary radiator 3 is taken into 
consideration. This is particularly effective when the reflector 
antenna is downsized and a distance between the primary radiator 
3 and the auxiliary reflector 1 becomes shorter. 

Third Embodiment 

A reflector antenna device according to a third embodiment 
of the present invention will be described. This embodiment provides 
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an asymmetric reflector antenna device and is directed to realize 
an antenna of a high performance using the same designing method 
as that of the first embodiment. Fig. 5(a) is a projection view 
of an antenna as viewed from a Z-axis direction. Fig. 5(b) shows 
a section Gl of Fig. 5(a), and Fig. 5(c) shows a section G2 of Fig. 



The designing procedure is identical with that described in 
the. first embodiment with reference to Fig. 2, but in order to realize 
asymmetric reflector antenna device, a coordinate system is taken 
as shown in Fig. 6, and the initial configurations of the auxiliary 
reflector 1 and the main reflector 2 are determined. The coordinates 
of the auxiliary reflector 1 and the main reflector 2 are .defined 
by a polar coordinate system, and it is assumed that a potential 
angle between the origin and an end portion of the auxiliary reflector 
1 is 9 0 . The auxiliary reflector coordinates P° s (9, $) is represented 
by the following expression on the basis of a distance r 0 (9, O) from 
the origin and a direction vector e r (or e r hat) on the auxiliary 
reflector 1. 



5(a) . 




(6>4>) = ?o(0,<£)e r {O<0<0o,O<<£<2tt} 



(19) 
(20) 



e r = (sin 0 cos sin 0 sin 0, cos 0) 



dP 0 s (e )( f>) „ g>p?(6U) 



(21) 



d0 * dct> 
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where h s (or n s hat) is a normal vector on the auxiliary reflector 
1. The coordinates P° m (9/ <&) of the main reflector 2 are represented 
by the following expression on the basis of a reflecting direction 
e s (or e s hat) in the auxiliary reflector 1, and a distance 80(6, 
O) of from a point on the auxiliary reflector 1 to a point on the 
main reflector 2. 

po^) = P?(M) + *' 0 (M)S. (22) 
e s = e r - 2 (ri s ■ e r )n s (23) 

where the distances r' 0 O, $) and S r 0 (9, O) are different depending 
on the value of <£ and determined so as to realize the asymmetric 
reflector surface . 

For example, it is possible to use the reflector surface 
designed by the geometric optics technique, which is an asymmetric 
reflector surface and whose path x 'r' 0 (9/ + S' 0 (Q, O) + t 0 " 

geometrical-optically determined becomes constant. The reflector 
antenna may be designed with respect to the reflector antenna of 
the initial configuration in accordance with the designing procedure 
shown in Fig. 2 . Because the development function of the expressions 
(6) to (9) used in the first embodiment, and the evaluation function 
of the expression (10) to the expression (13) , the expression (16) , 
the expression (17), and the expression (18) can be used as they 
are, and the antenna is an asymmetric reflector antenna in the initial 
configurations of the reflector surface. Therefore, the asymmetric 



reflector can be designed. 

In this embodiment, it is possible to obtain a high-performance 
reflector antenna that minimizes the deterioration of the antenna 
performance in the asymmetric reflector antenna as in the first 
embodiment. Also, this embodiment is particularly effective for 

a small-sized reflector antenna that is liable to induce the 

<■ 

deterioration of the performance as in the first embodiment. 

Fourth Embodiment 

A reflector antenna device according to this embodiment will 
be described. This embodiment provides an asymmetric reflector 
antenna device and is directed to realize a high-performance antenna 
by using the same designing method as that of the second embodiment. 
That is, a feature of this embodiment resides in the antenna designed 
by taking into consideration a reduction in the electric power on 
an opening surface (or an opening portion, an area C of Fig. 7) 
of the primary radiator 3, or a reduction in the electric power 
of both areas A and C. Fig. 7(a) is a cross-sectional view taken 
along a section Gl of the antenna, and Fig. 7 (b) is a cross-sectional 
view taken along a section G2 thereof. The projection view as viewed 
from the Z-axis direction of the antenna shown in Fig. 7 is referred 
to Fig. 5(a). 

The designing procedure is described below while focused on 
a case in which a reduction in the electric power of both areas 
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A and C is taken into consideration. 

The designing procedure is identical with that described in 
the second embodiment with reference to Fig. 4, but in order to 
realize the asymmetric reflector antenna device, the fourth 
embodiment is different from the second embodiment in that the 
asymmetric reflector surface is realized such that the initial 
configurations of the auxiliary reflector 1 and the main reflector 
2 are given by the above expressions (19) to (.21) and the above, 
expressions (22) and (23), respectively, and by differing the 
distances r' 0 (9, $) and S' 0 (9, $) depending on the value of 3>. 

In this embodiment, it is possible to obtain a high-performance 
reflector antenna that minimizes the deterioration of the antenna 
performance in the asymmetric reflector antenna as in the first 
embodiment. Also, this embodiment is particularly effective for 
a small-sized reflector antenna that is liable to induce the 
deterioration of the performance as in the first embodiment. 

Fifth Embodiment 

A reflector antenna device according to this embodiment will 
be described with reference to Fig . 8 . This embodiment has a feature 
that an electric wave absorbing member 6A is mounted on the peripheral 
portion of the opening surface of the primary radiator 3. With this 
structure, since the electric wave that arrives at the opening surface 
of the primary radiator 3 can be absorbed by the electric wave 
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absorbing member 6A, the scattering wave can be suppressed from 
occurring due to the main reflector 3, and the deterioration of 
the performance due to the scattering wave can be suppressed. Other 
structures are identical with those in the above first or second 
embodiment, and their description will be omitted in this example. 
The configurations of the auxiliary reflector 1 and the main reflector 
2 are determined according to any designing procedure of the above 
first and second embodiments. 

As described above, in this embodiment, since the electric 
wave absorbing member 6A is disposed on the peripheral portion of 
the opening surface of the primary radiator 3 so as to suppress 
the electric power that is scattered at the opening surface of the 
primary radiator 3, there is advantageous in that the deterioration 
of the antenna performance can be suppressed. 

The reflector antenna device according to this embodiment is 
particularly effective when the device is downsized, and a distance 
between the primary radiator 3 and the auxiliary reflector 1 becomes 
shorter . 

Sixth Embodiment 

A reflector antenna device according to this embodiment will 
be described with reference to Fig. 9. This embodiment has a feature 
that an electric wave absorbing member 6B is mounted on the side 
surface of the primary radiator 3. With this structure, since the 



scattering wave generated by the electric wave that arrives at the 
side surface of the primary radiator 3 can be absorbed by the electric 
wave absorbing member 6B, the deterioration of the performance due 
to the scattering wave can be suppressed. Other structures are 
identical with those in the above first or second embodiment, and 
their description will be omitted in this example. The 
configurations of the auxiliary reflector 1 and the main reflector 
2 are determined according to any designing procedure of the above 
first and second embodiments. 

As described above, in this embodiment, since the electric 
wave absorbing member 6B is disposed on the side surface of the 
primary radiator 3 so as to suppress the electric power that is 
scattered at the opening surface of the primary radiator 3, there 
is advantageous in that the deterioration of the antenna performance 
can be suppressed. 

The reflector antenna device according to this embodiment has 
such an effect that the deterioration of the performance resulting 
from the scattering wave due to the primary radiator 3 can be 
particularly suppressed when the device is downsized, and a distance 
between the primary radiator 3 and the auxiliary reflector 1 becomes 
smaller . 

Seventh Embodiment 

A reflector antenna device according to this embodiment will 
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be described with reference to Fig . 10 . This embodiment has a feature 
that an electric wave absorbing member 6C is disposed on an area 
A where the auxiliary reflector 1 is projected onto the main reflector 
2. With this structure, since a multiple reflected wave between 
the main reflector 2 and the auxiliary reflector 1 in the area A 
can be absorbed by the electric wave absorbing member 6C, the 
deterioration of the performance that is attributable to the multiple 
reflected wave can be suppressed. Other structures are identical 
with those in the above first or second embodiment, and their 
description will be omitted in this example. The configurations 
of the auxiliary reflector 1 and the main reflector 2 are determined 
according to any designing procedure of the above first and second 
embodiments . 

As described above, in this embodiment, since the electric 
wave absorbing member 6C is disposed in the area A so as to suppress 
the multiple reflected wave between the area A and the auxiliary 
reflector 1, there is advantageous in that the deterioration of 
the antenna performance can be suppressed. 

The reflector antenna device according to this embodiment is 
particularly effective when the device is downsized, and a distance 
between the main reflector 2 and the auxiliary reflector 1 becomes 
smaller. Even in this case, the high-performance antenna can be 
realized. 

In the example of Fig. 10, the electric wave absorbing member 



6C is shaped in a plate, but the present invention is not limited 
to this, but the electric wave absorbing member 6C may be disposed 
along the surface of the area A. 

Eighth Embodiment 

A reflector antenna device according to this embodiment will 
be described with reference to Fig . 11 . This embodiment has a feature 
that a. ref.le.cting.pl ate 7. that is ma d e. up o f a.me t a l_p 1 a te. f o r .r e f 1 e at i n g 
an electromagnetic wave or the like is disposed with a predetermined 
slope with respect to the radiation direction of the electric wave 
due to the primary radiator 3 on the area A where the auxiliary 
reflector lis pro j ected onto the main reflector 2 . The predetermined 
slope is appropriately set so that the value of a is in a range 
of 90° < a < 180° assuming that an angle defined between the radiating 
direction of the electric wave from the primary radiator 3 and the 
reflecting plate 7 (or an extension of the reflecting plate 7) is 
a, for example, as shown in Fig. 11. With this structure, since 
the electromagnetic wave that arrives in the area A can be reflected 
by the reflecting plate 7 in a direction other than the direction 
of the auxiliary reflector 1 in the reflector antenna of this 
embodiment, there is advantageous in that a multiple reflection 
between the area A and the auxiliary reflector 1 is suppressed, 
and the deterioration of the antenna performance can be suppressed. 

The reflector antenna device according to this embodiment is 
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particularly effective when the device is downsized, and a distance 
between the main reflector 2 and the auxiliary reflector 1 becomes 
smaller. Even in this case, the high-performance antenna can be 
realized . 

Ninth Embodiment 

In the above first and second embodiments, an example of 
determining the configurations of the auxiliary reflector 1 and 
the main reflector 2 in Steps SI and S2 is described. The present 
invention is not limited to this case, but , for example, it is possible 
that the configuration of the main reflector 2 is fixed, and only 
the configuration of the auxiliary reflector 1 is optimized by the 
nonlinear optimization technique. Conversely, the configuration 
of the auxiliary reflector 1 may be fixed. In this case, the same 
effects as those in the above first or second embodiment can be 
obtained. In addition, since a process of determining the 
configuration of any one of the reflectors is unnecessary, a 
calculation load can be reduced. 

Also, since the above fifth, sixth, and seventh embodiments 
or the five, sixth, and eighth embodiments may be appropriately 
combined with each other. In this case, since the electromagnetic 
wave can be further suppressed, the performance of the antenna can 
be further enhanced. 
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